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0RGHUQ�DQG�ODVW�JODFLDO�PD[LPXP�VQRZOLQH�LQ�3HUX�DQG�%ROLYLD�
�LPSOLFDWLRQV�IRU�UHJLRQDO�FOLPDWLF�FKDQJH

$QGUHZ�*��.OHLQ��%U\DQ�/��,VDFNV�DQG�$UWKXU�/��%ORRP
'HSDUWPHQW�RI�*HRORJLFDO�6FLHQFHV�������6QHH�+DOO
&RUQHOO�8QLYHUVLW\��,WKDFD��1HZ�<RUN���������86$

0RGHUQ�DQG�ODVW�JODFLDO�PD[LPXP��/*0��VQRZOLQHV�LQ�WKH�FHQWUDO�$QGHV���������6�
KDYH�EHHQ�PDSSHG�XVLQJ�UHPRWH�VHQVLQJ�WHFKQLTXHV�DQG�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP
WHFKQRORJ\���7KH�JHQHUDO�FRQILJXUDWLRQ�RI�WKH�VQRZOLQH�GXULQJ�WKH�/*0�ZDV�VLPLODU�WR
SUHVHQW�ZLWK�WKH�VQRZOLQH�ULVLQJ�IURP�HDVW�WR�ZHVW�LQ�UHVSRQVH�WR�GHFUHDVLQJ�SUHFLSLWDWLRQ�
/*0�VQRZOLQH�GHSUHVVLRQ�LQ�WKH�UHJLRQ�GHYLDWHV�FRQVLGHUDEO\�IURP�WKH������P�GHSUHVVLRQ
RIWHQ�DVVXPHG�IRU�ORZ�ODWLWXGHV���$�VQRZOLQH�GHSUHVVLRQ�PRGHO��.XKQ�������ZDV�XVHG�WR
LQYHVWLJDWH�WKH�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�FKDQJHV�QHFHVVDU\�WR�FDXVH�WKH�REVHUYHG
/*0�VQRZOLQH�GHSUHVVLRQ���,QFUHDVHG�SUHFLSLWDWLRQ�GXULQJ�WKH�/*0�LV�UHTXLUHG�WR�H[SODLQ
D�SRUWLRQ�RI�WKH�REVHUYHG����������P�GHSUHVVLRQ�LQ�WKH�ZHVWHUQ�&RUGLOOHUD���6QRZOLQH
GHSUHVVLRQ�RI��������P�DORQJ�WKH�HDVWHUQ�$QGHDQ�VORSHV�LV�WKH�EHVW�SUR[\�IRU�WKH
WHPSHUDWXUH�GHSUHVVLRQ�H[SHULHQFHG�LQ�WKH�UHJLRQ�GXULQJ�WKH�/*0�DQG�FDQ�EH�H[SODLQHG�E\
D�FRROLQJ�RI�DSSUR[LPDWHO\���WR�����&�

(O�OtPLWH�GH�QLHYH�SHUHQQH�DFWXDO�\�OD�FRUUHVSRQGLHQWH�D�OD�GH�OD�~OWLPD�Pi[LPD
JODFLDFLyQ��80*��GH�ORV�$QGHV�&HQWUDOHV���������6��KDQ�VLGR�PDSHDGDV�XWLOL]DQGR�WpFQLFDV
GH�VHQVRUHV�UHPRWRV�\�VLVWHPD�GH�LQIRUPDFLyQ�JHRJUiILFD��/D�FRQILJXUDFLyQ�JHQHUDO�GHO
OtPLWH�GH�QLHYH�SHUHQQH�GXUDQWH�OD�80*�HUD�VLPLODU�D�OD�DFWXDO��HOHYiQGRVH�GH�HVWH�D�RHVWH
HQ�UHVSXHVWD�D�OD�GLVPLQXFLyQ�GH�ODV�SUHFLSLWDFLRQHV��/D�GHSUHVLyQ�GHO�OtPLWH�GH�QLHYH
SHUHQQH�GXUDQWH�OD�80*�GLILHUH�FRQVLGHUDEOHPHQWH�GH�ORV������P�JHQHUDOPHQWH�DVXPLGRV
SDUD�EDMDV�ODWLWXGHV��6H�XWLOL]y�HO�PRGHOR�GH�GHSUHVLyQ�GHO�OtPLWH�GH�QLHYH�SHUHQQH��.XKQ
������SDUD�LQYHVWLJDU�ORV�FDPELRV�GH�WHPSHUDWXUD�\�SUHFLSLWDFLyQ�QHFHVDULRV�SDUD�FDXVDU
OD�GHSUHVLyQ�GHO�OtPLWH�GH�QLHYH�SHUHQQH�GXUDQWH�OD�80*��6H�UHTXLHUH�XQ�DXPHQWR�HQ�OD
SUHFLSLWDFLyQ�GXUDQWH�OD�80*�SDUD�H[SOLFDU�OD�GHSUHVLyQ�GH����������P�GH�OD�&RUGLOOHUD
2FFLGHQWDO��/D�GHSUHVLyQ��������P�GHO�OtPLWH�GH�QLHYH�SHUHQQH�D�OR�ODUJR�GH�ODV�SHQGLHQWHV
RULHQWDOHV�DQGLQDV�HV�OD�PHMRU�DSUR[LPDFLyQ�SDUD�H[SOLFDU�OD�GLVPLQXFLyQ�GH�OD
WHPSHUDWXUD�RFXUULGD�HQ�HVWD�UHJLyQ�GXUDQWH�OD�80*�\�SXHGH�VHU�H[SOLFDGD�PHGLDQWH�XQ
HQIULDPLHQWR�DSUR[LPDGR�HQWUH���\������&�

'DQV�OHV�$QGHV�FHQWUDOHV��������6���OH�IURQW�DFWXHO�GHV�QHLJHV�pWHUQHOOHV�HW�FHOXL
GDWDQW�GX�GHUQLHU�PD[LPXP�JODFLDLUH��'0*�RX�/0*��RQW�pWpFDUWRJUDSKLpV�SDU
WpOpGpWHFWLRQ�HW�SDU�XQ�V\VWqPH�XWLOLVDQW�XQH�WHFKQRORJLHEDVpH�VXU�GHV�LQIRUPDWLRQV
JpRJUDSKLTXHV��/D�FRQILJXUDWLRQ�JpQpUDOH�GXIURQW�GHV�QHLJHV�pWHUQHOOHV�GX�'0*�HVW
VHPEODEOH�j�OD�FRQILJXUDWLRQDFWXHOOH��&H�IURQW�V
pOqYH�G
HVW�HQ�RXHVW�VXLYDQW�GHV
SUpFLSLWDWLRQV�GpFURLVVDQWHV��/D�OLPLWH�GHV�QHLJHV�pWHUQHOOHV�GX�'0*�GDQV�OD�UpJLRQV
pFDUWH
FRQVLGpUDEOHPHQW�GHV�����P�VRXYHQW�UHQFRQWUpV�GDQV�OHV�]RQHV�GHEDVVH�ODWLWXGH��8Q
PRGqOH�GpFULYDQW�O
DEDLVVHPHQW�GX�IURQW�GHV�QHLJHVpWHUQHOOHV��.XKQ��������D�pWp�XWLOLVp�DILQ
GH�GpWHUPLQHU�OHV�FKDQJHPHQWV�GHWHPSpUDWXUHV�HW�GH�SUpFLSLWDWLRQV�UHVSRQVDEOHV�GH
O
DEDLVVHPHQW�GX�IURQWGHV�QHLJHV�'0*���/
DEDLVVHPHQW�GX�IURQW�GHV�QHLJHV�pWHUQHOOHV�j
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��������P�GDQV�OD�FRUGLOOqUH�RFFLGHQWDOH�GXUDQW�OH�'0*�V
H[SOLTXH�HQ�SDUWLH�SDU�XQH
DXJPHQWDWLRQ�GHV�SUpFLSLWDWLRQV��6XU�OHV�IODQFV�GH�OD�FRUGLOOqUH�RULHQWDOH�O
DEDLVVHPHQW�GX
IURQW�QHLJHX[�VXSpULHXU�j�����P�HVW�FH�TXL�UpYqOH�OH�PLHX[OH�UHIURLGLVVHPHQW�VXEL�SDU�OD
UpJLRQ�SHQGDQW�OH�'0*��,O�FRUUHVSRQG�j�XQHEDLVVH�G
HQYLURQ���j�����&�

,QWURGXFWLRQ

7KH�JHRPRUSKRORJ\�DQG�VWUDWLJUDSK\�RI�WKH�FHQWUDO�$QGHV�UHFRUG�DW�OHDVW�WZR

PDMRU�ODWH�3OHLVWRFHQH�JODFLDO�DGYDQFHV��RQH�RI�ZKLFK�RFFXUUHG�EHIRUH����ND�%3�DQG�WKH

RWKHU�MXVW�SULRU�WR�GHJODFLDWLRQ�DW����ND�%3��6HOW]HU������������D����7KHVH�DGYDQFHV�OHIW�D

FOHDU�PDUN�RQ�WKH�ODQGVFDSH�LQ�WKH�IRUP�RI�FLUTXHV��PRUDLQHV��DQG�8�VKDSHG�FURVV�YDOOH\

SURILOHV�WKDW�DUH�ZHOO�VXLWHG�IRU�PDSSLQJ�DW�UHJLRQDO�VFDOHV�XVLQJ�UHPRWH�VHQVLQJ

WHFKQLTXHV���7KLV�PDSSLQJ�DOORZHG�GHWHUPLQDWLRQ�RI�WKH�HOHYDWLRQ�GLIIHUHQFH�EHWZHHQ

PRGHUQ�JODFLHUV�DQG�WKRVH�RI�WKH�ODWH�3OHLVWRFHQH�JODFLDO�PD[LPD�RQ�D�UHJLRQDO�VFDOH�WR

ZKLFK�ZH�UHIHU�FROOHFWLYHO\�DV�WKH�/*0�VQRZOLQH�GHSUHVVLRQ�

6QRZOLQH�GHSUHVVLRQ�FDQ�EH�WKHRUHWLFDOO\�OLQNHG�WR�FOLPDWLF�SHUWXUEDWLRQV��.XKQ�

������2KPXUD�HW�DO���������DQG�KDV�EHHQ�XVHG�E\�QXPHURXV�DXWKRUV�WR�LQIHU�FOLPDWLF

FKDQJH�LQ�WKH�FHQWUDO�$QGHV���+RZHYHU��PRVW�RI�WKHVH�VWXGLHV�VXIIHU�IURP�WZR�PDMRU

VKRUWFRPLQJV������WKH�OLPLWHG�QXPEHU�RI�VQRZOLQH�REVHUYDWLRQV�WKDW�IRUP�WKH�EDVLV�RI�WKH

SDOHRFOLPDWLF�LQWHUSUHWDWLRQV�DQG�����H[WUDSRODWLRQ�RI�UHVXOWV�IURP�D�VLQJOH�VLWH�WR�D�ODUJHU

UHJLRQ���:H�DGGUHVVHG�WKHVH�VKRUWFRPLQJV�E\�FRPSLOLQJ�D�GHWDLOHG�SLFWXUH�RI�WKH�VQRZOLQH

HOHYDWLRQ�DW�SUHVHQW�DQG�GXULQJ�WKH�/*0�EHWZHHQ����DQG�����6���7KH�FRPSLODWLRQ�LV�EDVHG

XSRQ�WKRXVDQGV�RI�VQRZOLQH�PHDVXUHPHQWV�DQG�ZDV�DFFRPSOLVKHG�E\�FRPELQLQJ

SUHYLRXVO\�SXEOLVKHG�LQIRUPDWLRQ��1RJDPL��������-RUGDQ��������)R[��������)R[�DQG

%ORRP��������ZLWK�DGGLWLRQDO�PDSSLQJ�RI�PRGHUQ�DQG�/*0�VQRZOLQHV�EDVHG�RQ�/DQGVDW

7KHPDWLF�0DSSHU��70��LPDJHU\�LQ�D�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHP��*,6����&RXSOLQJ�RI
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WKLV�PDSSLQJ�ZLWK�NQRZOHGJH�RI�SUHVHQW�FOLPDWLF�YDULDEOHV�DQG�D�VQRZOLQH�GHSUHVVLRQ

PRGHO�HQDEOHG�XV�WR�UHODWH�WKH�REVHUYHG�VQRZOLQH�GHSUHVVLRQ�WR�FKDQJHV�LQ�WHPSHUDWXUH

DQG�SUHFLSLWDWLRQ�

0HWKRGRORJ\

$�FRPSUHKHQVLYH�PDSSLQJ�RI�WKH�SUHVHQW�VWDWH�RI�FHQWUDO�$QGHDQ�SHUHQQLDO�VQRZ

DQG�JODFLHU�FRYHU��)LJXUH����DQG�WKH�PD[LPXP�OLPLW�RI�JODFLHU�H[WHQW�GXULQJ�WKH�ODWH

3OHLVWRFHQH��)LJXUH����VHUYHG�DV�WKH�IRXQGDWLRQ�RI�WKLV�VWXG\���,Q�RUGHU�WR�XQGHUWDNH�VXFK

FRPSUHKHQVLYH�PDSSLQJ�WZR�VLPSOLI\LQJ�DVVXPSWLRQV�ZHUH�QHFHVVDU\���)LUVW��DOO�WKH

JHRPRUSKLF�IHDWXUHV�XVHG�WR�GHILQH�WKH�SDVW�VWDWH�RI�JODFLDWLRQ�DUH�DVVXPHG�WR�IRUP

FRQWHPSRUDQHRXVO\�GXULQJ�ZKDW�ZH�UHIHU�WR�DV�WKH�ODVW�JODFLDO�PD[LPXP�RU�/*0���7KH

WLPLQJ�RI�WKH�/*0�LV�DVVXPHG�WR�EH�FRLQFLGHQW�ZLWK�WLPH�SHULRG�UHSUHVHQWHG�E\�WKH

&/,0$3��������UHFRQVWUXFWHG�VHD�VXUIDFH�WHPSHUDWXUHV���7KH�YDOLGLW\�RI�WKLV�DVVXPSWLRQ

LV�GLVFXVVHG�LQ�6HOW]HU������E����6HFRQGO\��VHYHUDO�GLIIHUHQW�PHWKRGRORJLHV�DUH�HPSOR\HG

WR�GHWHUPLQH�VQRZOLQH�HOHYDWLRQ�ZKLFK�QHFHVVLWDWHG�WKH�DVVXPSWLRQ�WKDW�DOO�RI�WKH

PHWKRGV�\LHOG�HTXLYDOHQW�VQRZOLQH�HOHYDWLRQV���:KLOH�QRW�VWULFWO\�WUXH���WKH�DYHUDJH

HOHYDWLRQDO�GLIIHUHQFH�DPRQJ�WKH�YDULRXV�PHWKRGV�HPSOR\HG�KHUH�LV�RQO\�DSSUR[LPDWHO\

����P���6RPH��������SRLQWV�ZHUH�XVHG�WR�GHILQH�WKH�PRGHUQ�VQRZOLQH�DQG��������SRLQWV

ZHUH�XVHG�WR�LQIHU�WKH�/*0�VQRZOLQH���5HJLRQDO�VQRZOLQH�PDSV�ZHUH�FRQVWUXFWHG�E\

DYHUDJLQJ�HOHYDWLRQV�ZLWKLQ���©�ODWLWXGH�[���©�ORQJLWXGH�FHOOV�WR�HOLPLQDWH�ORFDO

YDULDELOLW\���7KH�DYHUDJHG�HOHYDWLRQV�ZHUH�WKHQ�FRQWRXUHG�WR�SURGXFH�WKH�VQRZOLQH�PDSV�

7KH�SURFHGXUHV�XVHG�LQ�WKH�VQRZOLQH�FRPSLODWLRQV�DUH�GHVFULEHG�EHORZ�

7KH�PRGHUQ�VQRZOLQH�LV�GHILQHG�WR�EH�WKH�RURJUDSKLF�VQRZOLQH��ZKLFK�LV�WKH�ORZHU
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OLPLW�RI�SHUHQQLDO�VQRZFRYHU��)OLQW������S��������,Q�3HUX��WKH�PRGHUQ�VQRZOLQH�ZDV�WDNHQ

DV�WKH�ORZHU�OLPLW�RI�PRGHUQ�VQRZFRYHU�UHFRUGHG�RQ�WKH�3HUXYLDQ�����������PDS�VHULHV

SXEOLVKHG�E\�WKH�,QVWLWXWR�*HRJUDILFR�0LOLWDU��/LPD��3HUX��)R[��������)R[�DQG�%ORRP�

��������6QRZOLQH�HOHYDWLRQV�ZHUH�UHFRUGHG�DW�GLVWDQFHV�RI���WR���NP�DORQJ�WKH�ORZHU�HGJH

RI�VQRZFRYHU���&RQVWUXFWLRQ�RI�WKH�UHJLRQDO�VQRZOLQH�XWLOL]HG�WKH�PHDQ�UDWKHU�WKDQ�WKH

PLQLPXP�LQ�HDFK���©�[���©�FHOO�WR�PLQLPL]H�WKH�YDULDELOLW\�FDXVHG�E\�WKH�HIIHFW�RI�QRQ�

SHUPDQHQW�VQRZ���,Q�VRXWKHUQ�3HUX��%ROLYLD��DQG�QRUWKHUQ�&KLOH��D�VLPLODU�DSSURDFK�ZDV

WDNHQ�XWLOL]LQJ�70�LPDJHU\�UDWKHU�WKDQ�WRSRJUDSKLF�PDSV���&RPSXWHU�FODVVLILFDWLRQ�ZDV

XVHG�IRU�VQRZFRYHU�GHWHUPLQDWLRQ��DOORZLQJ�DQ�REMHFWLYH�DVVHVVPHQW�RI�VQRZFRYHUHG

DUHDV���:H�UHMHFWHG�HOHYDWLRQV�RI�SUREDEOH�QRQ�SHUPDQHQW�VQRZFRYHU�VKRZQ�RQ�WKH

VDWHOOLWH�LPDJHU\���,Q�WKH�HDVWHUQ�&RUGLOOHUDV�RI�%ROLYLD��WKH�JODFLDO�LQYHQWRU\�RI�-RUGDQ

�������ZDV�DOVR�XVHG���$OWKRXJK�WKH�(TXLOLEULXP�/LQH�$OWLWXGHV��(/$V��XVHG�LQ�-RUGDQªV

VXUYH\�DUH�D�EHWWHU�HVWLPDWLRQ�RI�WKH�PRGHUQ�VQRZOLQH�DOWLWXGH�WKDQ�WKH�RURJUDSKLF

VQRZOLQH�XVHG�KHUH�DQG�E\�RWKHUV��RXU�RURJUDSKLF�VQRZOLQH�LV�ORZHU�RQ�DYHUDJH�WKDQ�WKH

(/$V�E\�RQO\�D�VPDOO�PHDQ�GLVWDQFH�RI�����P�LQ�WKH�&RUGLOOHUD�5HDO�DQG�7UHV�&UXFHV

�4XLPVD�&UX]��UHJLRQV�IRU�WKH���©�[���©�FHOOV�LQ�ZKLFK�ERWK�PHDVXUHPHQWV�ZHUH�PDGH�

$V�ZLWK�WKH�PRGHUQ�VQRZOLQH��WZR�PHWKRGV�ZHUH�HPSOR\HG�WR�GHWHUPLQH�WKH�/*0

VQRZOLQH�LQ�WKH�FHQWUDO�$QGHV���2YHU�PRVW�RI�3HUX��FRPSUHKHQVLYH�70�FRYHUDJH�ZDV�QRW

DYDLODEOH�DQG�FLUTXH�IORRU�DOWLWXGHV�ZHUH�XVHG�DV�DQ�DSSUR[LPDWLRQ�RI�WKH�UHJLRQDO

VQRZOLQH��)R[�DQG�%ORRP���������,Q�%ROLYLD��&KLOH��DQG�SRUWLRQV�RI�3HUX�ZKHUH�70

FRYHUDJH�ZDV�DYDLODEOH��WKH�IRUPHU�H[WHQW�RI�HDFK�JODFLHU�ZDV�PDSSHG�XVLQJ�WKH�SRVLWLRQ

RI�D�WHUPLQDO�PRUDLQH��RU�LQ�D�IHZ�YDOOH\V��DQ�DEUXSW�FKDQJH�LQ�YDOOH\�IRUP���7R�FDOFXODWH

D�VQRZOLQH�DOWLWXGH�WKDW�LV�FRPSDUDEOH�WR�WKH�FLUTXH�IORRUV�XVHG�LQ�3HUX�WKH�WRH�WR�



�

KHDGZDOO�7+$5�PHWKRG��0HLHUGLQJ�������ZDV�XVHG���7KH�WRH��PLQLPXP��DQG�KHDGZDOO

�PD[LPXP��HOHYDWLRQ�IRU�HDFK�JODFLHU�ZHUH�GHWHUPLQHG�DQG�WKH�(/$�ZDV�FDOFXODWHG�DV

�����RI�WKH�YHUWLFDO�GLVWDQFH�IURP�WKH�WRH�WR�WKH�KHDGZDOO��L�H��LW�KDV�D�WRH�WR�KHDGZDOO

DOWLWXGH�UDWLR�RU�7+$5�YDOXH�RI���������7KH�VHOHFWLRQ�RI�D�7+$5�RI������ZDV�EDVHG�XSRQ

DQDO\VLV�RI�WKH�7+$5V�FDOFXODWHG�IRU�WKH�PRGHUQ�JODFLHUV�PDSSHG�E\�-RUGDQ��������

$GMXVWPHQW�RI�WKH�7+$5�UDWLR�E\�������FDXVHG�DQ�DYHUDJH�HOHYDWLRQDO�FKDQJH�RI�RQO\����

P�LQ�RXU�GDWDVHW�

)URP�WKH�UHJLRQDO�VQRZOLQH�HOHYDWLRQ�RI�ERWK�WKH�PRGHUQ�DQG�/*0�VQRZOLQHV�

/*0�VQRZOLQH�GHSUHVVLRQ�ZDV�FDOFXODWHG�E\�VLPSO\�VXEWUDFWLQJ�WKH�WZR�FRQWRXUHG

VXUIDFHV���7KH�UHVXOWLQJ�VXUIDFH�ZDV�WKHQ�VPRRWKHG�ZLWK�D�ORZ�SDVV�ILOWHU�WR�SURGXFH�WKH

VQRZOLQH�GHSUHVVLRQ�PDS��)LJXUH����

6QRZOLQH�2EVHUYDWLRQV

%RWK�WKH�PRGHUQ�DQG�/*0�VQRZOLQHV�LQFUHDVH�LQ�HOHYDWLRQ�IURP�HDVW�WR�ZHVW�DFURVV

WKH�$QGHV���7KH�PRGHUQ�VQRZOLQH�ULVHV�IURP�DV�ORZ�DV������WR������P�RQ�WKH�HDVWHUQ

$QGHV�LQ�%ROLYLD�WR�≥������P�LQ�VRXWKZHVW�%ROLYLD���7KH�/*0�VQRZOLQH�ULVHV�IURP

EHWZHHQ������DQG������P�DORQJ�WKH�HDVWHUQ�VORSHV�LQ�3HUX�DQG�%ROLYLD�WR������P�LQ

VRXWKZHVW�%ROLYLD���$�VLPLODU�JUDGLHQW�KDV�EHHQ�GHVFULEHG�SUHYLRXVO\��6DWRK��������)R[

DQG�%ORRP��������6HOW]HU������E����%HFDXVH�WKH�PRGHUQ�VQRZOLQH�ULVH�FORVHO\�SDUDOOHOV�WKH

HDVW�WR�ZHVW�SUHFLSLWDWLRQ�GHFUHDVH��VQRZOLQH�HOHYDWLRQ�H[KLELWV�D�VWURQJ�UHVSRQVH�WR

GHFUHDVLQJ�SUHFLSLWDWLRQ���7KH�HDVW�WR�ZHVW�ULVH�RI�ERWK�WKH�PRGHUQ�DQG�/*0�VQRZOLQHV

GHPRQVWUDWHV�WKDW�WKH�VRXUFH�RI�SUHFLSLWDWLRQ�WR�WKH�JODFLHUV�LQ�WKH�FHQWUDO�$QGHV�GXULQJ

WKH�/*0�ZDV�JHQHUDOO\�VLPLODU�WR�WKDW�DW�SUHVHQW��WKH�$PD]RQ�%DVLQ�
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7KH�PRVW�LPSRUWDQW�UHVXOW�RI�WKLV�VWXG\�LV�WKDW�WKH�DVVXPSWLRQ�RI�D�XQLIRUP�����

P�VQRZOLQH�GHSUHVVLRQ�WKH�WURSLFV�GXULQJ�WKH�/*0��%URHFNHU�DQG�'HQWRQ�������LV�DQ

RYHUVLPSOLILFDWLRQ�RI�WKH�DFWXDO�GHSUHVVLRQ�REVHUYHG�LQ�WKH�FHQWUDO�$QGHV���)RU�LQVWDQFH�

DUHDV�LQ�VRXWKHDVWHUQ�3HUX�H[SHULHQFHG�RQO\�����P�RI�/*0�VQRZOLQH�GHSUHVVLRQ�

6QRZOLQH�GHSUHVVLRQ�ZDV�JUHDWHVW�DORQJ�WKH�KXPLG�HDVWHUQ�FRUGLOOHUDV�ZKHUH�LW

FRQVLVWHQWO\�HTXDOHG�RU�H[FHHGHG������P���$�VPDOO�UHJLRQ�RI�VQRZOLQH�GHSUHVVLRQ�LQ�H[FHVV

RI������P�RFFXUUHG�RQ�WKH�ZHVWHUQ�FRUGLOOHUD�LQ�QRUWKHUQ�&KLOH���:KLOH�VRPH�DUHDV�RI�WKH

FHQWUDO�$QGHV��LQ�SDUWLFXODU�WKH�HDVWHUQ�VORSHV�RI�WKH�$QGHV��H[SHULHQFHG�D�VQRZOLQH

ORZHULQJ�RI������P�RU�PRUH��WKLV�FDQQRW�EH�FRQVLGHUHG�W\SLFDO�IRU�PRVW�RI�WKH�$OWLSODQR�

3DOHRFOLPDWLF�,QWHUSUHWDWLRQV

/RZHULQJ�RI�VQRZOLQH�HOHYDWLRQV�GXULQJ�WKH�/*0�ZHUH�WKH�UHVXOW�RI�D�FKDQJLQJ

JODFLDO�PDVV�EDODQFH�LQ�UHVSRQVH�WR�SHUWXUEDWLRQV�LQ�WHPSHUDWXUH��SUHFLSLWDWLRQ��DQG

UDGLDWLRQ��.XKQ�������2KPXUD���������7KH�VQRZOLQH�GHSUHVVLRQ�LQ�WKH�FHQWUDO�$QGHV

GXULQJ�WKH�/*0�FRXOG�EH�GXH�VROHO\�WR�D�SHUWXUEDWLRQ�LQ�RQH�RI�WKHVH�IDFWRUV��EXW�PRUH

OLNHO\�ZDV�FDXVHG�E\�VLPXOWDQHRXV�SHUWXUEDWLRQV�LQ�DOO�WKUHH���:H�LQYHVWLJDWHG�ORZHULQJ

RI�VQRZOLQH�HOHYDWLRQ�LQ�WKH�FRQWH[W�RI�WKH�VQRZOLQH�GHSUHVVLRQ�PRGHO�RI�.XKQ��������

IRFXVLQJ�RQ�WKH�HIIHFWV�RI�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ���$W�WKH�DOWLWXGH�RI�WKH�JODFLDO

HTXLOLEULXP�OLQH��ZKLFK�LV�LQIHUUHG�WR�EH�WKH�DOWLWXGH�RI�WKH�VQRZOLQH��WKH�PDVV�EDODQFH�LV

]HUR�DQG�DQQXDO�QHW�DFFXPXODWLRQ�HTXDOV�DQQXDO�QHW�DEODWLRQ���&KDQJHV�LQ�WKH

HTXLOLEULXP�OLQH�DOWLWXGH��RU�LQ�WKLV�FDVH�VQRZOLQH�GHSUHVVLRQ��FDQ�EH�FDOFXODWHG�DV

FKDQJHV�LQ�WKHVH�TXDQWLWLHV���,Q�WKLV�PRGHO��HTXDWLRQ�����VQRZOLQH�GHSUHVVLRQ��∆K��ZDV

FDOFXODWHG�DV�D�IXQFWLRQ�RI�WKH�OHQJWK�RI�WKH�DEODWLRQ�VHDVRQ��τ���WKH�ODWHQW�KHDW�RI�IXVLRQ
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�/���DQG�SHUWXUEDWLRQV�DQG�YHUWLFDO�JUDGLHQWV��UHVSHFWLYHO\��RI�WHPSHUDWXUH��δ7D��∂7D�∂]��

DFFXPXODWLRQ��δF��∂F/∂]��DQG�QHW�UDGLDWLRQ��δ4U��∂4U/∂]����:H�DOVR�QRWH�WKDW�WKLV�HTXDWLRQ

DVVXPHV�WKDW�PHOWLQJ�LV�WKH�RQO\�IRUP�RI�DEODWLRQ�

∆h =

τ
L

δQr + α δTa( )( )− δc

∂c

∂z
− τ

L

∂Q R

∂z
+ α ∂Ta

∂z

 
  

 
  

 

 
 

 

 
 

���

0RQWKO\�PHDQ�FOLPDWH�GDWD�IURP�WKH�*RGGDUG�(DUWK�2EVHUYLQJ�6\VWHP�2IILFH

*HQHUDO�&LUFXODWLRQ�0RGHO��*(26����IRU������DUH�XVHG�LQ�WKLV�VWXG\���*(26���LV�D�PXOWL�

\HDU�JOREDO�DWPRVSKHULF�GDWD�VHW�RQ�D�������[������JULG�DQG�ZLWK����YHUWLFDO�SUHVVXUH�OHYHOV

LQ�WKH�DWPRVSKHUH��6FKXEHUW�HW�DO����������9DOXHV�IRU�W��∂7D/∂]��DQG�∂4U/∂]�ZHUH�GHULYHG

IURP�WKHVH�GDWD�DQG�∂F/∂]�DQG�α��D�EXON�WXUEXOHQW�WUDQVIHU�FRHIILFLHQW�IRU�VHQVLEOH�KHDW�

ZHUH�WDNHQ�IURP�.XKQ����������������7KH�*(26���DVVLPLODWLRQ�PRGHO�GDWD�VKRZ�WKDW

FRQVLGHUDEOH�YDULDWLRQV�LQ�τ��∂7D/∂]��DQG�∂4U/∂]�RFFXU�WKURXJKRXW�WKH�FHQWUDO�$QGHV���7KH

YDOXHV�XVHG�LQ�WKH�IROORZLQJ�GLVFXVVLRQ��OLVWHG�LQ�7DEOH����UHSUHVHQW�WKH�FDOFXODWHG

DYHUDJH�YDOXHV�RI�WKHVH�YDULDEOHV�IRU�WKH�HQWLUH�UHJLRQ�

7DEOH�����9DOXHV�XVHG�IRU�SDUDPHWHUL]LQJ�.XKQªV��������VQRZOLQH�PRGHO�IRU�WKH�FHQWUDO
$QGHV�

YDULDEOH YDOXH XQLWV
τ ��� GD\
∂7/∂] ������ �&�P��
∂4U/∂] ����� 0-�GD\���P��

P��
α ��� 0-�GD\��
∂F/∂] � PP�P��
δ7 YDULDEOH �&
δ4U � 0-�GD\���P��
δF � PP
/ ������ -�NJ��
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7KLV�VLPSOH�VQRZOLQH�GHSUHVVLRQ�PRGHO��FRXSOHG�ZLWK�WKH�REVHUYHG�/*0�VQRZOLQH

GHSUHVVLRQ��)LJXUH�����LV�XVHG�WR�DGGUHVV�WZR�SDOHRFOLPDWLF�TXHVWLRQV���7KH�ILUVW�FRQFHUQV

WKH�HIIHFW�RI�SUHFLSLWDWLRQ�RQ�VQRZOLQH�GHSUHVVLRQ�LQ�WKH�FHQWUDO�$QGHV�GXULQJ�WKH�/*0�

ZKLFK�KDV�EHHQ�WKH�VRXUFH�RI�GLVDJUHHPHQW���+DVWHQUDWK��������������DQG�ODWHU�:ULJKW

�������DUJXHG�WKDW�LQFUHDVHG�SUHFLSLWDWLRQ�LV�WKH�SULPDU\�FDXVH�RI�/*0�VQRZOLQH

GHSUHVVLRQ�LQ�WKH�DULG�ZHVWHUQ�&RUGLOOHUD���+RZHYHU��)R[�DQG�%ORRP��������DUJXHG�WKH

RSSRVLWH�YLHZ��VQRZOLQH�ORZHULQJ�ZDV�FDXVHG�VROHO\�E\�D�WHPSHUDWXUH�GHFUHDVH���,Q�IDFW�

WKH\�DUJXHG�WKDW�SUHFLSLWDWLRQ�GHFUHDVHG�RYHU�PXFK�RI�WKH�$OWLSODQR�GXULQJ�WKH�/*0

WKHUHE\�FDXVLQJ�OHVV�VQRZOLQH�GHSUHVVLRQ�WKDQ�ZRXOG�RWKHUZLVH�KDYH�RFFXUUHG���7KH

VHFRQG�TXHVWLRQ�ZH�DGGUHVV�LV�UHFRQFLOLQJ�WKH�FRQVLVWHQW��������P�VQRZOLQH�GHSUHVVLRQ

REVHUYHG�LQ�WKH�HDVWHUQ�&RUGLOOHUD�ZLWK�D�UHODWLYHO\�PLQRU��������&��GHFUHDVH�LQIHUUHG�IRU

ORZ�ODWLWXGH�VHD�VXUIDFH�WHPSHUDWXUH�GXULQJ�WKH�/*0��&/,0$3�������

,Q�WKH�WURSLFV�DQG�VXEWURSLFV��VHDVRQ�YDULDWLRQV�LQ�WHPSHUDWXUH�DUH�VPDOO�DQG

WKH�HOHYDWLRQ�RI�WKH�JODFLHU�HTXLOLEULXP�OLQH�LV�SULPDULO\�FRQWUROOHG�E\�WKH�HOHYDWLRQ�RI

WKH����LVRWKHUP�ZKHUH�SUHFLSLWDWLRQ�LV�QRW�D�OLPLWLQJ�IDFWRU���$V�VQRZOLQH�ULVHV�DERYH

WKH�HOHYDWLRQ�RI�WKH�]HUR�GHJUHH�LVRWKHUP�LQ�UHVSRQVH�WR�GHFUHDVLQJ�SUHFLSLWDWLRQ��WKH

GXUDWLRQ�RI�WKH�DEODWLRQ�VHDVRQ��τ��GHFUHDVHV���)URP�HTXDWLRQ�����LW�FDQ�EH�VHHQ�WKDW�D

GHFUHDVLQJ�W�ZLOO�GLPLQLVK�WKH�HIIHFWV�WKDW�WHPSHUDWXUH�DQG�QHW�UDGLDWLRQ�FKDQJHV�ZLOO

KDYH�RQ�VQRZOLQH�ORZHULQJ���,Q�WKH�OLPLWLQJ�FDVH�ZKHUH�WKH�GXUDWLRQ�RI�WKH�DEODWLRQ

VHDVRQ�LV�]HUR��WHPSHUDWXUH�DQG�QHW�UDGLDWLRQ�FKDQJHV�KDYH�QR�HIIHFW�RQ�VQRZOLQH

ORZHULQJ�DQG�VQRZOLQH�ZLOO�RQO\�UHVSRQG�WR�FKDQJHV�LQ�DFFXPXODWLRQ���,Q�WKH�ZHVWHUQ

&RUGLOOHUDV�ZKHUH�VQRZOLQHV�DUH�ZHOO�DERYH�WKH�DQQXDO����LVRWKHUP��SUHFLSLWDWLRQ
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LQFUHDVHV�ZLOO�KDYH�D�ODUJH�HIIHFW�RI�VQRZOLQH�ORZHULQJ���7KLV�REVHUYDWLRQ�LV�QRW�QHZ

DQG�KDV�EHHQ�SRLQWHG�RXW�SUHYLRXVO\��H�J��+DVWHQUDWK���������������(TXDOO\�LPSRUWDQW�

DQG�RIWHQ�RYHUORRNHG��LV�WKH�REVHUYDWLRQ�WKDW�D�WHPSHUDWXUH�GHFUHDVH�ZLOO�KDYH�WKH

JUHDWHVW�HIIHFW�RQ�VQRZOLQH�ORZHULQJ�LQ�WKH�HDVWHUQ�&RUGLOOHUDV�RI�3HUX�DQG�%ROLYLD

ZKHUH�VQRZOLQHV�DUH�WKH�ORZHVW�DQG�PHOW�GXUDWLRQ�LV�WKH�ORQJHVW�

7KLV�VLPSOH�DQDO\VLV�KDV�WZR�LPSRUWDQW�LPSOLFDWLRQV���)LUVW��WR�LQYHUW�D

VQRZOLQH�GHSUHVVLRQ�WR�D�WHPSHUDWXUH�GHSUHVVLRQ��LW�LV�EHVW�WR�XVH�WKH�VQRZOLQH

GHSUHVVLRQ�REVHUYHG�DORQJ�WKH�HDVWHUQ�&RUGLOOHUDV�ZKHUH�WKH�DEODWLRQ�VHDVRQ��W��LV�WKH

ORQJHVW���7KH�ORQJHU�WKH�DEODWLRQ�SHULRG��WKH�VPDOOHU�LV�WKH�HIIHFW�WKDW�XQFHUWDLQWLHV�LQ

NQRZOHGJH�RI�W�ZLOO�KDYH�RQ�WKH�HVWLPDWHG�WHPSHUDWXUH�FKDQJH���6HFRQG��LI�WKH�DEODWLRQ

VHDVRQ�LV�LQGHHG�YHU\�VKRUW�DW�KLJK�HOHYDWLRQV��DV�WKH�*(26���GDWD�LQGLFDWHV��WKHQ

WHPSHUDWXUH�DORQH�FDQQRW�EH�UHVSRQVLEOH�IRU�WKH����������P�/*0�VQRZOLQH�GHSUHVVLRQ

IRXQG�DORQJ�WKH�ZHVWHUQ�&RUGLOOHUD�LQ�VRXWKHUQ�3HUX�DQG�QRUWKHUQ�&KLOH�

7R�LQYHVWLJDWH�KRZ�D�JLYHQ�FRROLQJ�ZLOO�LPSDFW�VQRZOLQH�ORZHULQJ�DV�D

IXQFWLRQ�RI�WKH�OHQJWK�RI�WKH�DEODWLRQ�VHDVRQ��WKH�HIIHFW�RI�D�������&�FRROLQJ�RQ�VQRZOLQH

GHSUHVVLRQ�ZDV�FDOFXODWHG�IRU�YDU\LQJ�DEODWLRQ�GXUDWLRQ��7DEOH������,W�LV�FOHDUO\�WKH�FDVH

WKDW�DV�WKH�GXUDWLRQ�RI�DEODWLRQ�VHDVRQ�GHFUHDVHV��WKH�PDJQLWXGH�RI�WKH�VQRZOLQH

GHSUHVVLRQ�DOVR�GHFUHDVHV�GUDPDWLFDOO\���:H�DGG�WKDW�WKLV�VLPSOH�DSSURDFK�QHJOHFWV

VXEOLPDWLRQ��DQ�LPSRUWDQW�DEODWLRQ�SURFHVV�LQ�WKH�DULG�ZHVWHUQ�&RUGLOOHUD���,I

VXEOLPDWLRQ�EHFRPHV�DQ�LPSRUWDQW�DEODWLRQ�SURFHVVHV�WKHQ�WKH�HQHUJ\�DYDLODEOH�IRU

PHOWLQJ�LV�GUDPDWLFDOO\�UHGXFHG�DQG�WKH�VHQVLWLYLW\�RI�D�VQRZOLQH�GHSUHVVLRQ�WR�D

WHPSHUDWXUH�FRROLQJ�LV�IXUWKHU�GHFUHDVHG���7KLV�VLPSOH�DQDO\VLV�VXJJHVWV�WKDW�/*0

VQRZOLQH�GHSUHVVLRQV�LQ�DUHDV�RI�WKH�FHQWUDO�$QGHV�ZKHUH�VQRZOLQHV�DUH�ZHOO�DERYH�WKH



��

���LVRWKHUP�PXVW�KDYH�EHHQ�FDXVHG�E\�LQFUHDVHG�SUHFLSLWDWLRQ�GXULQJ�WKH�/*0���,W�LV

XQOLNHO\�WKDW�VQRZOLQH�ZRXOG�KDYH�H[SHULHQFHG�D�a�����P�GHSUHVVLRQ�XQGHU�WKH

GUDPDWLFDOO\�GULHU������������FRQGLWLRQV�IRU�WKH�/*0�K\SRWKHVL]HG�E\�)R[�DQG�%ORRP

���������%HFDXVH�RI�SUHVHQW�XQFHUWDLQWLHV�LQ�WKH�DFWXDO�GXUDWLRQ�RI�WKH�DEODWLRQ�VHDVRQ

�τ���WKH�YHUWLFDO�JUDGLHQW�RI�DFFXPXODWLRQ��∂F�∂]���DQG�WKH�LPSRUWDQFH�RI�VXEOLPDWLRQ�

TXDQWLWDWLYH�HVWLPDWHV�RI�WKH�SUHFLSLWDWLRQ�FKDQJHV�QHFHVVDU\�WR�SURGXFH�WKH�REVHUYHG

VQRZOLQH�GHSUHVVLRQ�DUH�QRW�DWWHPSWHG�

7DEOH����(IIHFW�RI�YDU\LQJ�GXUDWLRQ�RI�DEODWLRQ�VHDVRQ��∆��RQ�VQRZOLQH�GHSUHVVLRQ��∆K��IRU
D�FRROLQJ��∆7a)�RI��������&���$OO�RWKHU�YDULDEOHV�DUH�DV�OLVWHG�LQ�7DEOH���

∆
�GD\V�

� �� �� �� �� ��

∆K��P� � ���� ���� ���� ���� �����

$V�GLVFXVVHG�DERYH��WR�DVVHVV�SRWHQWLDO�WHPSHUDWXUH�GHSUHVVLRQV�GXULQJ�WKH�/*0

DFFXUDWHO\��WKH�≥������P�VQRZOLQH�GHSUHVVLRQ�REVHUYHG�DORQJ�WKH�HDVWHUQ�&RUGLOOHUDV

VKRXOG�EH�XVHG���6ROYLQJ�HTXDWLRQ�����IRU�δ7D�XVLQJ�WKH�SDUDPHWHUL]DWLRQV�IURP�7DEOH��

UHYHDOV�WKDW�D��������&�FRROLQJ�LV�VXIILFLHQW�WR�FDXVH�WKH�REVHUYHG�VQRZOLQH�GHSUHVVLRQ�

7KLV�LV�LQ�DJUHHPHQW�ZLWK�WKH�����������&�FRROLQJ�LQIHUUHG�E\�QXPHURXV�DXWKRUV��LQFOXGLQJ

RXUVHOYHV��E\�VLPSO\�PXOWLSO\LQJ�WKH�����������P�VQRZOLQH�GHSUHVVLRQ�ZLWK�WKH�REVHUYHG

DWPRVSKHULF�ODSVH�UDWHV�RI�����WR������&�NP���

+RZHYHU��WKH�PRGHOHG�WHPSHUDWXUH�FKDQJH�LV�VWURQJO\�GHSHQGHQW�RQ�WKH�DVVXPHG

YHUWLFDO�JUDGLHQW�RI�DFFXPXODWLRQ��∂F�∂]����,Q�WKH�DQDO\VLV�VR�IDU�ZH�KDYH�DVVXPHG�∂F�∂]

WR�EH���PP�P����DQ�DYHUDJH�YDOXH�IRU�FRQGLWLRQV�HQFRXQWHUHG�LQ�WKH�$OSV��.XKQ�������
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6HYHUDO�OLQHV�RI�HYLGHQFH�VXJJHVW��KRZHYHU��WKDW�WKLV�PD\�QRW�EH�UHSUHVHQWDWLYH�RI

FRQGLWLRQV�RQ�WKH�HDVWHUQ�VORSHV�RI�WKH�$QGHV���,Q�WKH�FHQWUDO�$QGHV�UHJLRQV�RI

PD[LPXP�SUHFLSLWDWLRQ�RFFXU�RQ�WKH�HDVWHUQ�VORSHV�DW�HOHYDWLRQV�PXFK�ORZHU�WKDQ

SUHVHQW�VQRZOLQH���5LEVWHLQ�HW�DO���������DOVR�IRXQG�D�VOLJKWO\�QHJDWLYH�SUHFLSLWDWLRQ

JUDGLHQW�DW�HOHYDWLRQV�����������P�QHDU�WKH�=RQJR�*ODFLHU�LQ�WKH�&RUGLOOHUD�5HDO�

%ROLYLD���,I�GXULQJ�/*0�WLPHV��WKH�SUHFLSLWDWLRQ�WKDW�SUHVHQWO\�IDOOV�DV�UDLQ�KDG�EHHQ

FRQYHUWHG�WR�VQRZ��RXU�DVVXPHG�DFFXPXODWLRQ�JUDGLHQW�LQ�WKHVH�DUHDV�ZRXOG�EH�WRR

KLJK��DQG�LQ�IDFW�FRXOG�EH�RI�WKH�ZURQJ�VLJQ���6DWRK��������DOVR�VXJJHVWHG�WKDW�GXULQJ

WKH�/*0�PD[LPXP�SUHFLSLWDWLRQ�ZRXOG�KDYH�EHHQ�RQ�WKH�HDVWHUQ�PLGVORSHV�UDWKHU

WKDQ�DW�WKH�KLJKHVW�HOHYDWLRQV���7KH�HIIHFW�RI�ORZHULQJ�WKH�DFFXPXODWLRQ�JUDGLHQW�ZDV

WHVWHG�E\�GHFUHDVLQJ�∂F�∂]�IURP�����WR������PP�P���LQ�DW�YDULRXV�LQFUHPHQWV�DQG

UHFDOFXODWLQJ�WKH�WHPSHUDWXUH�FKDQJH�UHTXLUHG�WR�SURGXFH�WKH�REVHUYHG�GHSUHVVLRQ

�7DEOH������,I�WKH�YHUWLFDO�JUDGLHQW�RI�DFFXPXODWLRQ��∂F�∂]��ZDV�QHDU�RU�VOLJKWO\�QHJDWLYH

DORQJ�WKH�HDVWHUQ�&RUGLOOHUDV�GXULQJ�WKH�/*0��WKH�PRGHOHG�WHPSHUDWXUH�GHSUHVVLRQ

UHTXLUHG�WR�H[SODLQ�WKH�REVHUYHG������PHWHU�VQRZOLQH�GHSUHVVLRQ�LV�EHWZHHQ���WR����

�&�
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7DEOH����(IIHFW�RI�FKDQJLQJ�DFFXPXODWLRQ�JUDGLHQW��∂F�∂]��RQ�PRGHOHG�WHPSHUDWXUH
GHSUHVVLRQ�δ7D��IRU�D�GXUDWLRQ�RI�PHOWLQJ��τ��RI����DQG�����GD\V���$OO�RWKHU�YDULDEOHV�DUH
DV�OLVWHG�LQ�7DEOH���

∂F/∂]
�PP�P���

WHPSHUDWXUH
GHSUHVVLRQ

��&�
�τ ���GD\V

WHPSHUDWXUH
GHSUHVVLRQ

��&�
τ ����GD\V

��� ��� ���
��� ��� ����
���� ��� ����
��� ��� ����
� ���� ����

���� ���� ����
����� ��� ����
���� ��� ����
���� ��� ���

&RQFOXVLRQV

5HPRWH�VHQVLQJ�DQG�JHRJUDSKLFDO�LQIRUPDWLRQ�V\VWHPV��*,6��WHFKQRORJLHV�HQDEOHG

FRQVWUXFWLRQ�RI�GHWDLOHG�PRGHUQ�DQG�/*0�VQRZOLQH�PDSV�DQG�FDOFXODWLRQ�RI�WKH�/*0

VQRZOLQH�GHSUHVVLRQ�LQ�WKH�FHQWUDO�$QGHV���7KH�JHQHUDO�FRQILJXUDWLRQ�RI�WKH�VQRZOLQH

GXULQJ�WKH�/*0�ZDV�VLPLODU�WR�WKDW�RI�WKH�SUHVHQW���%RWK�VQRZOLQHV�VKRZ�D�VWURQJ�ULVH

IURP�HDVW�WR�ZHVW�LQ�UHVSRQVH�WR�GHFUHDVLQJ�SUHFLSLWDWLRQ�DFURVV�WKH�$QGHV���/*0

VQRZOLQH�GHSUHVVLRQ�RYHU�PXFK�RI�WKH�$OWLSODQR�ZDV�PXFK�OHVV�WKDQ�WKH������P�RIWHQ

DVVXPHG�IRU�ORZ�ODWLWXGHV���7KH�VKRUW�DEODWLRQ�VHDVRQ�GXUDWLRQ�LQ�WKH�ZHVWHUQ�&RUGLOOHUD�

HVSHFLDOO\�LQ�VRXWKZHVWHUQ�%ROLYLD��UHTXLUHV�WKDW�VQRZOLQH�ORZHULQJ�ZDV�FDXVHG�LQ�SDUW�E\

LQFUHDVHG�SUHFLSLWDWLRQ�GXULQJ�WKH�/*0���7KH�PDJQLWXGH�RI�WKH�LQFUHDVH�LV�QRW�SUHVHQWO\

NQRZQ���6QRZOLQH�GHSUHVVLRQ�RQ�WKH�KXPLG�HDVWHUQ�PDUJLQ�RI�WKH�$QGHV�LV�WKH�EHVW�SUR[\

IRU�WKH�WHPSHUDWXUH�GHSUHVVLRQ�H[SHULHQFHG�LQ�WKH�UHJLRQ���$�/*0�WHPSHUDWXUH



��

GHSUHVVLRQ�RI�DSSUR[LPDWHO\���WR������&�LV�DGHTXDWH�WR�H[SODLQ�WKH�REVHUYHG�HDVWHUQ

VQRZOLQH�GHSUHVVLRQ�RI�≥�����P�

$FNQRZOHGJPHQWV

6XSSRUW�IRU�WKLV�ZRUN�ZDV�SURYLGHG�E\�WKH�86�1DWLRQDO�$HURQDXWLFDO�DQG�6SDFH

$GPLQLVWUDWLRQ��1$6$��WKRXJK�(26�JUDQW�1$*:������DQG�6,5�&�JUDQW����������7KH

ILUVW�DXWKRU�KDV�DOVR�UHFHLYHG�VXSSRUW�IURP�WKH�86�'HSDUWPHQW�RI�(QHUJ\�*UDGXDWH

)HOORZVKLSV�IRU�*OREDO�&KDQJH�3URJUDP���$��.OHLQ�ZRXOG�OLNH�WR�WKDQN�'U��5LEVWHLQ�

'U��)UDQFRX�DQG�6��0RUHDX�ZKR�KDYH�SURYLGHG�YDOXDEOH�DVVLVWDQFH���,1672&

FRQWULEXWLRQ�����
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5HIHUHQFHV

%52(&.(5��:��6��	�'(1721��*��+����������7KH�UROH�RI�RFHDQ�DWPRVSKHUH
UHRUJDQL]DWLRQV�LQ�JODFLDO�F\FOHV���*HRFKLPLFD�HW�&RVPRFKLPLFD�$FWD���������������
�����

&/,0$3���������6HDVRQDO�UHFRQVWUXFWLRQV�RI�WKH�(DUWK
V�VXUIDFH�DW�WKH�ODVW�JODFLDO
PD[LPXP���*HRORJLFDO�6RFLHW\�RI�$PHULFD�0DS�DQG�&KDUW�6HULHV��0&����

)/,17��5�)����������*ODFLDO�DQG�4XDWHUQDU\�*HRORJ\�������S���1HZ�<RUN���/RQGRQ��
6\GQH\���7RURQWR���-RKQ�:LOH\�	�6RQV��,QF�

)2;��$��1�����������6QRZOLQH�DOWLWXGH�DQG�FOLPDWH�LQ�WKH�&HQWUDO�$QGHV�������6��DW
SUHVHQW�DQG�GXULQJ�WKH�/DWH�3OHLVWRFHQH�*ODFLDO�0D[LPXP��8QSXEOLVKHG�3K�'��7KHVLV�
&RUQHOO�8QLYHUVLW\�

)2;��$�1��$1'�%/220��$�/����������6QRZOLQH�DOWLWXGH�DQG�FOLPDWH�LQ�WKH�3HUXYLDQ
$QGHV���������6��DW�SUHVHQW�DQG�GXULQJ�WKH�ODWHVW�3OHLVWRFHQH�*ODFLDO�0D[LPXP�
-RXUQDO�RI�*HRJUDSK\��-DSDQHVH�������������������

+$67(15$7+��6����������2EVHUYDWLRQV�RQ�WKH�VQRZOLQH�LQ�WKH�3HUXYLDQ�$QGHV�
-RXUQDO�RI�*ODFLRORJ\������������������

+$67(15$7+��6����������2Q�WKH�3OHLVWRFHQH�VQRZ�OLQH�GHSUHVVLRQ�LQ�WKH�DULG�UHJLRQV
RI�WKH�6RXWK�$PHULFDQ�$QGHV���-RXUQDO�RI�*ODFLRORJ\�������������������

-25'$1��(����������'LH�*OHWVKFHU�GHU�%ROLYLDQLVFKHQ�$QGHDQ�������S���(XUDVEXUJ�
*HUPDQ\��)UDQ]�6WHLQHU�9HUODJ�6WXWWJDUW�

.8+1��0����������2Q�WKH�FRPSXWDWLRQ�RI�KHDW�WUDQVIHU�FRHIILFLHQWV�IURP�HQHUJ\�
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